Trehalose can protect organisms against disadvantage conditions, such as high osmolarity, heat, oxidation, desiccation and freezing. In this work, the ability to produce trehalose of soy sauce yeasts was studied first and the results showed that trehalose could be accumulated gradually in logarithmic phase and achieve a concentration peak in stationary phase. Then the relevance of growth conditions and intracellular trehalose level of soy sauce yeasts was investigated. Mutant strains (S3-2, T3-5) which can grow in hypertonic conditions, showed different results from their original organisms Zygosaccharomyces rouxii (S) and Torulopsis versatilis (T). For S and T could increase trehalose level from 7.0% and 7.5% to 8.4% and 9.6% with 9% salt stimulation, respectively. While the mutants could accumulate more trehalose under a higher salt (about 12%) stimulation compared to 0% NaCl situation, which suggested a significant feature of the mutants. And the original strains could increase the trehalose level from 8.4% and 9.6% to 10.1% and 10.9% respectively under heat shock (40 , 30mins). Moreover, the mutant strains could also product more trehalose in the thermal stimulation condition, but less than the original ones.
Introduction
Soy sauce is one of the most favorite flavorings which has almost been used by people all over the world, especially in Asia and Southeast Asia. Actually, it originated from China over 2,500 years ago. The annual production of soy sauce in China is more than 5,000,000 tons, accounting for over 55% of the world production [1, 2] and exhibits an incremental trend in the future. Soy sauce contains a lot of nutrients, such as all essential amino acids, zinc, calcium, iron, manganese, natural antioxidant and other trace elements, these all demonstrate its great nutrition value. Moreover, soy sauce has the same function (lowering blood pressure) with other fermented soy food, such as natto, tempeh, Tianpei and fermented bean curd [3] [4] [5] [6] . It is well known that soy sauce is made from steam-treated soybeans and roasted wheat in both industrial and traditional koji fermentation processes. Both Zygosaccharomyces rouxii (S) and Torulopsis versatilis (T) are salt-resist yeasts and have been widely used in high-salt liquid fermentation of soy sauce during which the salt concentration is about 17%. because S and T could grow in media with 18% salt, while their mutant strains S3-2 and T3-5, which were obtained by genome rearrangement technology were even able to grow in 21% 22% salt. Yeast strains play an important role in soy-sauce brewing. For example, Z. rouxii (S) could increase the content of HEMF which is an important flavor compounds in soy sauce. While T. versatilis (T) could take good advantage of the reducing sugars in the moromi to produce polyalcohols, 4-EG and 4-EP and the right amount of 4-EG and 4-EP can make soy sauce have a rich aroma of esters and increase its mellow taste.
Trehalose composed of two glucose molecules bound by an alpha, alpha-1, 1 linkage is one kind of disaccharide with irreducibility. It is white, odorless powder and with relative sweetness 45% that of sucrose [7] . Trehalose can be found in most living organisms, including bacteria, fungi, insects, plants, and invertebrates [8] [9] [10] . It provides energy for them, and because of its inherent properties, namely prevention of starch retrogradation and stabilization of proteins and lipids, it can protect cells and biomolecules from injuries imposed by high osmolarity, such as heat, oxidation, desiccation and freezing naturally [11] [12] [13] . So trehalose is called 'the salt of life'.
To date, there have been two hypotheses about how it protects organisms. One is water replacement presumption which supports that trehalose can replace water to form hydrogen bond with biological molecules when cells lose water, so the molecule can keep primary structure not losing its biological activity. The other assumption is trehalose's glass-forming ability [14] . It insists that trehalose can form glassy state and resemble glass state of ice after its glass transition temperature (Tg), and then it packs biological molecule tightly. The result is that the molecule has enough space in losing water case to resist destroy of harmful surroundings. And this transition to the glassy state or the vitrification theory has been put forward as the most widely accepted hypothesis to explain the bioprotective action of trehalose. No matter which point was right, it could not influence its application. For example, Experiments have confirmed that it could help treating dry eye [15] . Experiments have confirmed that externally added trehalose (there was no trehalose in mammals) was a better treatment for moderate-to-severe dry eye syndrome in comparison with two commercially available eyedrops. The reason might be that trehalose is a natural substance. Moreover, trehalose plays an osmoprotective role in physiological responses, enabling the plants to better tolerate the adverse effects of abiotic stress [16] .
In yeast strains, the synthesis of trehalose needs a two-step process. Firstly, trehalose-6-phosphate is formed from uridine-diphosphate glucose (UDP-glucose) and glucose-6-phosphate by trehalose-6-phosphate synthase (TPS1). Secondly, this compound is dephosphorylated into trehalose by trehalose-6-phosphate phosphatase (TPS2) [17] . Actually, the accumulation of trehalose in yeasts began at the logarithmic phase, and reached the peck in the stabilization period.
It is well known that trehalose is a stress-induced substance. Many research [16, 18] also pointed that thermal could stimulate yeast to produce more trehalose. In Saccharomyces cerevisiae, the TPS1 gene was expressed at very low levels under normal conditions, and increased dramatically with heat shock, but there was no expression of TPS2 in the control [19] . And the relevance between stimulation such as high osmolarity, heat and the level of trehalose has also been studied in previous research. But there was little study about salttolerant yeasts. The aim of this study is to study the capability of producing trehalose of soy sauce yeasts (S, T, S3-2 and T3-5) and how to increase their level of trehalose.
Materials and Methods

The culture medium
The culture media was corn juice which contained all necessary nutrition to yeast. Corn was used in food fermentation industry for its low-cost, rich-source and none yeast smell. It was made as follow: corn flour which crossed 60 mesh mixed with water at a 1:5 ratio, and was liquefied in the role of -amylase at 90 for 10 mins, then the glucoamylase catalyzed liquid to generate small molecules of sugar at 55 for about 1 hour, until it could not react with iodine solution. In the previous of centrifugation, it needed to heat to 100 for 10 mins to inactivate enzymes. At last, the corn juice with 13 Brix was obtained and sterilized, spared.
The soy sauce yeasts
Soy sauce yeasts were provided by culture collection of Tianjin University of Science and Technology. The mutant strains (S3-2, T3-5) were obtained by genome rearrangement on the basis of the original ones. The mutant strains have more advantages than the original strains in the tolerance of salt.
Determination of trehalose
Anthrone-Sulphuric acid colorimetric method was used in determinating the level of trehalose. Different volums (0.5mL, 1mL, 1.5mL, 2mL, 2.5mL, 3mL, 3.5mL) of standard solution of trehalose (1g/L) were mixed with Anthrone-Sulphuric acid (5mL) and trichloroacetic acid (0.5mol/L, 4mL), then they reacted in boiling water for 10 mins accurately. After cooling, the absorbance values were measured in the absorption peak of 630nm. Then the standard curve of trehalose was made.
Intracellular trehalose was extracted by trichloroacetic acid, during which only trehalose was obtained [20] . In detail, the yeast cells were leached by ice trichloroacetic acid for an hour, then centrifuged and washed by ice water for twice. The following steps were the same with the above steps.
Results and Discussion
Yeast strains were pre-growing in YPD (2% glucose, 2% peptone, 1% yeast extract power), and then switched into corn juice. To choose the best determining time point of intracellular trehalose, the growth curve of yeast strains in corn juice were investigated first. As shown in Figure 1 , the logarithmic phases of the yeasts were all from 12 to 20h. So we choose this time period to investigate the levels of intracellular trehalose. And the cultivation conditions of yeast strains were 13 Brix corn juice medium, 30 , 170 r/min. Figure 2 showed clearly that the yeast strains could accumulate trehalose in the logarithmic phase. For the growth condition became unfavorable to yeast with time, such as nutrient consumption, changes of PH, the generation of metabolic waste and so on, then trehalose was accumulated to help them against bad environment and at last reached a peak at the end of logarithmic phase. This was in consistence with previous study [21] , which proved that the survival rate of S. cerevisiae in stationary phase (with high trehalose accumulation) was higher than in the logarithmic phase. In the following study, the level of trehalose was investigated at 20th.
Hypertonic conditions could improve the transcriptional level of TPS1 and TPS2. So the influence of different concentration of salt to the accumulation of trehalose was studied. Fig. 3 . The production of trehalose in yeasts under different The expression of trehalose was the ratio of its accounted capacity concentration of salt (0%, 3%, 6%, 9%, 12%, 15%) and the weight of dry cells of trehalose increased with the changes of the salt concentration within a certain range. The original strains S and T could accumulate most trehalose in corn juice in 9% salt, while the mutants was in 12% salt. And if out of the certain range, it would decrease which might be due to that trehalose was used as a carbon source, or the metabolism of yeast changed and the glucose was used to synthesize other compatibility substances.
Heat shock could induce the synthesis of trehalose-6-phosphate synthase and trehalose-6-phosphate phosphatase. So heat shock was on the basic of salt stimulation. Figure 4(a) showed that the trehalose level of S in 9% salt changed significantly with different temperature and different stimulation time, and the other original yeast T displayed the same trend (Fig 4(b) ) that the trehalose level reached the peak at 40 temperature for 30 mins. To research the relevance of the salt tolerance and trehalose level, the original strains cultivated in 9% salt and the mutants in 12% were stimulated for 30 mins by different temperature. And the results were shown in Figure 5 , it could make a conclusion that although salt and heat shock were able to improve the accumulation of trehalose in yeasts, the mutants produced less than the original ones. This proved that the gene of trehalose in the mutants might be not changed and the salt-tolerance of salt-resist yeast had less relationship with the level of trehalose. In the mutant strains, the substrate might be synthesis other substances such as glycerol or the like. 
Conclusions
The soy sauce yeast strains could accumulate more trehalose under salt and heat shock. But the optimal salt stimulate concentration was different: the wild yeast strains could accumulate most in corn juice in 9% salt, while the mutants in 12% salt. And the yeasts coule not accumulate more trehalose under a higher salt. In general, the mutant yeast strains could accumulate less trehalose than the original, even though S3-2 and T3-5 have a stronger resistance to salt, so a conclusion could be made that trehalose had little relationship with the salt tolerance of the soy sauce yeast strains.
